hospital. Clinical site of infection was a significant effect modifier in the association between IIAT and mortality. The presence of IIAT was an independent risk factor for mortality, but only for nonurinary ESBL-EK infections (adjusted odds ratio [95% confidence interval], 10.04 [1.90-52 .96]). Independent risk factors for IIAT were (1) infection with a multidrug-resistant ESBL-EK (ie, resistant to sulfamethoxazole-trimethoprim, aminoglycosides, and quinolones) (14. 58 [1.91-111 .36]) and (2) health care-acquired ESBL-EK infection (4.32 [1.49-12.54 
]).
Conclusions: Inadequate initial antimicrobial therapy is an independent risk factor for mortality in ESBL-EK infections, but only among nonurinary infections. Multidrug resistance was a strong risk factor for IIAT.
Arch Intern Med. 2005;165:1375-1380

S
INCE THE INITIAL EMERGENCE
of extended-spectrum ␤-lactamase-producing Escherichia coli and Klebsiella species (ESBL-EK) in the 1980s, their prevalence has increased steadily. 1, 2 Infections with ESBL-EK have been associated with increased morbidity, mortality, hospital length of stay, and hospital cost. 3 These infections are particularly problematic because choices for antimicrobial therapy, both empirical and definitive, may be severely restricted given that these organisms are often resistant to multiple antibiotics and antibiotic classes. 4, 5 The possible reasons for worse outcomes among patients infected with ESBL-EK have not been elucidated. Recent studies of general bloodstream infections suggest that a delay in effective antimicrobial therapy may result in poorer outcomes and that inadequate antimicrobial therapy is more likely to occur in resistant infections. [6] [7] [8] Whether these findings might also be applicable to ESBL-EK infections has not, to our knowledge, been studied. To investigate the association between inadequate initial antimicrobial therapy (IIAT) and mortality among patients with ESBL-EK infections, we conducted a retrospective cohort study. 9 Subjects were included if documentation existed for both the antibiotic therapy administered and the patient's in-hospital outcome (ie, survived or died). Patients could be included more than once if they had multiple positive ESBL-EK cultures during the study period. For a given patient, the first ESBL-EK infection was included, and subsequent infections were included only if they occurred more than 30 days after the initial infection.
A retrospective cohort study was performed to investigate the association between IIAT and crude in-hospital mortality. Inadequate initial antimicrobial therapy was defined as greater than 48 hours elapsing between the time a culture was obtained and initiation of treatment with an antimicrobial agent to which the infecting organism was ultimately shown to be susceptible.
Data were ascertained with regard to potential confounders and other risk factors for mortality. Data obtained included age, sex, race, hospital location at the time of infection, number of hospital days before infection, and severity of illness at the time of infection, as calculated by the Acute Physiology and Chronic Health Evaluation (APACHE) II score. 10 The presence of a central venous catheter, urinary catheter, or mechanical ventilation was documented, as was the primary site of infection and the species of infecting organism.
Health care-acquired infection was defined as either (1) infection that occurred more than 48 hours after hospital admission or (2) infection that occurred 48 hours or less after admission to the hospital if that patient had been hospitalized within the 30 days before admission, or if the patient had been transferred from an outside hospital or long-term care facility. 3, 11 Of note, this definition is similar to recent recommendations for defining health care-associated infections. 12 The following comorbid conditions were documented: hepatic dysfunction, malignancy, diabetes mellitus, renal insufficiency (indicated by a serum creatinine level Ͼ2.0 mg/dL [Ͼ177 µmol/L] or the requirement of dialysis), human immunodeficiency virus infection, neutropenia, previous organ transplantation, use of an immunosuppressive agent (including corticosteroids) in the 30 days before infection, and surgical procedure or trauma in the 30 days before infection.
MICROBIOLOGICAL TESTING
Susceptibilities to all antimicrobial agents were performed and interpreted according to criteria of the National Committee for Clinical Laboratory Standards by means of either a semiautomated system (MicroScan [Dade Behring, Deerfield, Ill] or Vitek [Bio Mérieux, Charbonnières les Bains, France]) or disk diffusion susceptibility testing. From 1997 to April 2000, we used previously described methods for detecting ESBL-EK. 4 After that time, we used guidelines published by the National Committee for Clinical Laboratory Standards for detecting and confirming ESBL-EK.
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STATISTICAL ANALYSIS
We first compared the incidence of mortality in subjects with inadequate and adequate initial antimicrobial therapy. Bivariable analyses were then conducted to determine the association between other potential risk factors or confounders and mortality. Categorical variables were compared by means of the Fisher exact test. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to evaluate the strength of any association. We calculated ORs rather than relative risks to facilitate comparison of unadjusted and adjusted ORs in the final multivariable model. Continuous variables were compared by 2-tailed t test or the Wilcoxon rank sum test, depending on the validity of the normality assumption. 16 Stratified analyses were then conducted to help identify where data were sparse and to elucidate where confounding and interaction (effect modification) were likely to exist in the multivariable analysis. We were primarily interested in investigating the effect of stratification by site of infection (ie, urinary tract vs nonurinary) on the primary association of interest (ie, between IIAT and mortality). The Mantel-Haenszel test for summary statistics was used to evaluate for possible confounding, 17 which was considered to be present if the crude and adjusted ORs differed by 15% or more. Interaction was assumed to be present when the test for heterogeneity between the ORs for different strata was significant (PϽ.05).
Multivariable analysis was performed by means of multiple logistic regression. 18 Building of the multivariable model began with inclusion of the exposure of interest (ie, IIAT). All variables with PϽ.20 on bivariable analysis were also considered for inclusion in a multivariable explanatory model. 19 Finally, variables were considered for inclusion in the model if they were noted to be involved in confounding on stratified analysis. The interaction between risk factor variables was also investigated.
After these primary analyses, we sought to identify risk factors for IIAT among ESBL-EK infections. For this analysis, we conducted a case-control study nested within the primary cohort study described above. We compared cases (ie, patients who received IIAT) with controls (ie, patients who received adequate therapy) to identify risk factors for IIAT. We were particularly interested in exploring the role of multidrugresistant (MDR) ESBL-EK isolates. We defined as MDR an ESBL-EK that also demonstrated resistance to the following antibiotics or antibiotic classes: (1) sulfamethoxazoletrimethoprim, (2) aminoglycosides (ie, amikacin, netilmicin, gentamicin, and tobramycin), and (3) fluoroquinolones (ie, ciprofloxacin, ofloxacin, and levofloxacin). Of note, if an ESBL-EK isolate was susceptible to any one of the drugs within a class (eg, aminoglycosides), the isolate was considered susceptible to the class. Bivariable, stratified, and multivariable analyses proceeded as already described.
A 2-tailed PϽ.05 was considered significant. All statistical calculations were performed by means of standard programs in Stata version 8.0 software (Stata Corp, College Station, Tex).
RESULTS
During the 5½-year study period, 288 patients with ESBL-EK infections met eligibility criteria. Of these, 187 (64.9%) had complete medical records available for review. Of note, there were no significant differences when available data (ie, age, sex, race, species of infecting organism, susceptibility profile of infecting pathogen, location in the hospital, duration of hospitalization before infection, and disposition at discharge) were compared for patients who were and were not included.
Of the 187 subjects included in the cohort, 97 (51.9%) were male. The median age of subjects was 65 years (95% CI, 61-68 years). Fifty-five patients (29.9%) were identified as white, 85 (45.5%) were African American, and 47 (25.1%) were of another or unknown race. At the time of infection, 54 subjects (28.9%) were located at Presbyterian Medical Center and 133 (71.1%) at the Hospital of the University of Pennsylvania. Thirty-two patients (17.1%) died while hospitalized.
Microbiological analysis of the infecting ESBL-EK isolates disclosed that 83 (44.4%) were E coli, 88 (47.1%) were Klebsiella pneumoniae, and 11 (5.9%) were Klebsiella oxytoca. One patient was infected with both K pneumoniae and K oxytoca. The ESBL-EK organisms were isolated from a variety of anatomic sites (Figure 1) .
Of (Figure 2) .
A number of other variables were associated with mortality on bivariable analyses ( Table 1) . Of note, patients with a nonurinary ESBL-EK infection had a significantly elevated risk of death, as did patients with a higher APACHE II score or a longer duration of hospitalization before ESBL-EK infection.
On stratified analysis, the clinical site of infection was a significant effect modifier in the association between IIAT and mortality (P = .02). Specifically, among patients with urinary tract infections, there was no significant association between IIAT Our primary analysis allowed a subject to be included more than once (ie, if a patient had ESBL-EK infections more than 30 days apart). We subsequently performed a secondary analysis in which each subject was included only once (ie, for the first ESBL-EK infection). The final multivariable model was not substantively different from the primary model; IIAT remained a significant risk factor for mortality, but only for infections from a nonurinary site.
We subsequently conducted a nested case-control study to investigate risk factors for IIAT. 
COMMENT
In our cohort of 187 hospitalized patients with ESBL-EK infection, approximately 17% died while in the hospital. The presence of IIAT was significantly associated with mortality, but only for ESBL-EK infections of nonurinary origin. Other independent risk factors for mortality included higher APACHE II score, location in an intensive care unit at the time of infection, and presence of malignancy. Finally, infection with an MDR ESBL-EK (ie, resistant to sulfamethoxazole-trimethoprim, aminoglycosides, and fluoroquinolones) was an independent risk factor for receiving IIAT.
Given the increasing prevalence of ESBL-EK, risk factors for mortality in these infections must be clearly elucidated. Such data are essential in designing effective interventions targeted not only to improve outcomes but also to optimize judicious use of antimicrobial agents in an effort to curtail further emergence of resistance. 20 We found a significant association between IIAT and mortality, but only for nonurinary ESBL-EK infections. Other studies that have demonstrated an association between delayed antimicrobial therapy and mortality have often included only 1 type of infection (eg, bacteremia, pneumonia) and thus could not comment on possible effect modification by site of infection. 7, 8 Our results are consistent with recent conclusions drawn by Paterson et al 21 that the specific source of Klebsiella bacteremia was predictive of mortality; bacteremias that originated from Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; OR, odds ratio. *No treatment was given with an antibiotic to which the infecting organism was susceptible within 48 hours of the culture being sent. †The OR is for subjects with urinary tract infections. The association between inadequate antimicrobial therapy and mortality for nonurinary infections was as follows: adjusted OR, 10.04; 95% CI, 1.90-52.96; P = .007.
‡The OR reflects the odds associated with each 1-point increase in APACHE II score. §The OR is for subjects with adequate microbial therapy.
blood-borne or respiratory infections had the highest mortality rate, whereas bacteremias that originated from a urinary tract infection had the lowest mortality rate. Our results suggest that earlier implementation of effective therapy may result in improved outcomes. However, blanket use of broad antimicrobial regimens is likely to result in further emergence of resistance. Thus, efforts to optimize initial therapy must be balanced with efforts to promote judicious use of antimicrobial agents. 20 To this end, our results suggest that efforts to optimize initial therapy should be primarily targeted only to suspected nonurinary ESBL-EK infections. Determination of whether clinical site of infection is an effect modifier in the relationship between IIAT and outcomes in infections due to other resistant organisms should be pursued in future studies.
In investigating possible reasons why adequate initial antimicrobial therapy might be delayed, we found that the susceptibility profile of the infecting ESBL-EK pathogen plays an important role. The ESBL-EK isolates often demonstrate resistance to multiple antimicrobial classes. 4 Besides the carbapenems, ESBL-EK infections may be effectively treated with sulfamethoxazole-trimethoprim, aminoglycosides, and fluoroquinolones. We hypothesized that ESBL-EK isolates demonstrating resistance to these agents would be more likely to go untreated with initial empirical therapy. Indeed, we found that MDR ESBL-EK infection (ie, ESBL-EK resistant to sulfamethoxazole-trimethoprim, aminoglycosides, and fluoroquinolones) was an independent risk factor for IIAT. In the future, it will be important to elucidate the epidemiology of MDR ESBL-EK, both to understand their prevalence and to inform possible intervention strategies based on earlier identification of patients with such isolates, and to tailor initial antimicrobial therapy accordingly.
Several potential limitations exist in our study. Selection bias can be introduced because of lost or missing charts; complete medical records were available for 65% of eligible subjects in this study. However, when available data were compared, no significant differences existed between the patients included in the study and those who were not included because of missing charts. Although the potential for bias exists, this comparison argues against substantial selection bias. Selection bias may also have been introduced by allowing subjects to be included more than once (ie, if they had ESBL-EK infections greater than 30 days apart). However, no substantive difference was evident in the secondary analysis in which subjects were included only once.
We defined our outcome of interest as in-hospital mortality. Although this defined end point is unambiguous, it does not differentiate according to the cause of death, so that some deaths may not have been directly attributable to the ESBL-EK infection. However, efforts to designate outcomes as "attributable" to a specific infection are often very subjective and inconsistently applied. 22 Finally, our study was conducted in a large academic tertiary care medical center and a smaller urban community hospital; the results may not be generalizable to other institutions.
In conclusion, we found the mortality rate among patients with ESBL-EK infections to be high, approaching 20% in this cohort study. Inadequate initial antimicrobial therapy was an independent risk factor for mortality in these infections, but only among nonurinary infections. Recognizing the importance of maintaining judicious antibiotic use, these results suggest that empirical antimicrobial therapy interventions targeted to improve outcomes should be directed primarily at patients with suspected nonurinary infections. In addition, since MDR among ESBL-EK was a strong risk factor for inadequate therapy, efforts to elucidate the emergence and epidemiology of MDR ESBL-EK should be emphasized.
